↑What is "already known" in this topic: Ultrasonography is the most preferred initial imaging modality in the assessment of suspected cases of appendicitis during pregnancy, but results show a surprisingly high variation between centers and even within a single center.
Introduction
Acute appendicitis is one of the most common surgical acute abdominal diseases (1) . The lifetime risk for an appendectomy is 12.0% in males and 23.1% in females (2, 3) . The incidence of appendicitis is about 1 in 1700 pregnancies and is almost similar to that of the general population, as gestation does not predispose to appendicitis (4, 5) . Acute appendicitis during pregnancy is the most common nonobstetric emergency reported in 25% of nonobstetric surgical interventions (6, 7) .
The diagnosis is established by clinical examination and other diagnostic measures. This is a more challenging problem during pregnancy because of physiological changes. Accordingly, the rate of perforation is higher than the nonpregnant population, which is the leading cause of mortality and morbidity. Appendicitis increases the rate of spontaneous abortions, preterm delivery, small for gestation babies, and neonatal mortality in the first 7 days of life (4) . Moreover, perforated appendicitis is the most common surgical cause of fetal loss in pregnancy (8, 9) . This makes the diagnosis of appendicitis more important during pregnancy. It has been recognized that early and accurate diagnosis of appendicitis leads to an im- 2 proved patient outcome (10) . Imaging techniques are useful in the timely diagnosis and clinical assessment of appendicitis (3) . Radiation exposure has always been an important concern in managing pregnant patients; and ultrasound is usually the first study attempted.
The present study aimed at assessing the value of sonography in the diagnosis of appendicitis in pregnant patients with high clinical suspicion for appendicitis, who were recommended aggressive surgical exploration, before the development of a complication.
Methods
This was a prospective single-center study conducted at Imam Khomeini hospital, Tehran, Iran. A total of 58 pregnant women admitted to the emergency department, who were highly suspected of having acute appendicitis and underwent surgical exploration from January 2014 to January 2016, were included in the study. Their medical records were reviewed to collect data on age, weeks of pregnancy, symptoms, signs, and other clinical findings. Results of laboratory tests, reports of ultrasonography, details of the operation, histological findings, and postoperative complications were also noted. Records that did not include pathological assessment or were incomplete were excluded. Those patients treated conservatively were also excluded.
Appendectomies performed during pregnancy were done in collaboration with an obstetrician, and all were open procedures. Simultaneous Cesarean section was done based on the clinical impression of an obstetrician. Histological evaluation was done to approve the diagnosis. Imaging reports were reviewed, and sonographic criterion was used to judge the result positive for appendicitis. Thus, at least one of Puylaert criteria had to be presented, which are as follow: (1) noncompressible, swollen appendix with a diameter greater than 7mm, and wall thickness greater than 3mm; (2) appendicolith; (3) an increase and hyperechogenicity of periappendiceal fat; (4) lack of normal wall layer; (5) appendiceal abscess; and (6) periappendiceal fluid collection.
Statistical analysis was performed using SPSS 22. Diagnostic test performance characteristics (sensitivity, specificity, positive predictive value, negative predictive value, positive and negative likelihood ratio) were calculated. Statistical significance was set at p<0.05.
Results

Patients
Among 1000 patients diagnosed and treated as acute appendicitis during the study period, clinical and sonographic findings of 58 pregnant patients who underwent appendectomy were recorded. In this study, 63 pregnant patients underwent surgery, while 5 were excluded due to their incomplete medical records. The mean age of patients was 29.1±4.94 years. There were 37 (63.8%), 15 (25.9%), and 6 (10.3%) patients in the first, second, and third trimesters of pregnancy, respectively. The mean gestational age of patients was 13±8.96 weeks.
Clinical features
The most common clinical symptom was right lower quadrant (RLQ) abdominal pain. In this study, 26 patients (44.8%) had low-grade fever; and the mean±SD leukocyte count was 14200±2580/mL, and leukocyte count was above 16000/mL in 13 patients. No significant difference was found in the mean leukocyte count between the appendicitis group and normal appendix group (p-value = 0.768). Left shift was not associated with the appendix pathology (p-value = 0.549) ( Table 1) .
Sonographic findings
Ultrasonography was performed for all patients (Tables  2 and 3 ). The right ovarian cyst was detected in 8 patients, which was concurrent with appendicitis in 2 of the participants. The left ovarian cyst was found in 2 patients and their histological evaluations showed that they both had appendicitis. Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, and negative likelihood ratio of sonography for detecting acute appendicitis in the first trimester of pregnancy were 92%, 66.7%, 92%, 66.7%, 2.78, and 0.12, respectively. The values for the second trimester were 63.7%, 75%, 87.5%, 42.8%, 2.52, and 0.49, respectively. The values for the third trimester were 50%, 100%, 100%, 50%, NA(x/0), and 0.5, respectively.
Moreover, during all trimesters of pregnancy, sensitivity, specificity, positive predictive value, and negative predictive values were 80%, 75%, 91.4%, 52.9%, 3.2, and 0.26, respectively. 
3
Operative and histological findings Ovarian cystectomy was conducted in all the patients with an ovarian cyst. In one case, oophorectomy was done due to intraoperative situation. The perforation occurred in 2 of the patients (3.8%); one of them was in her first trimester, and the other in her third trimester (Table 3) . Histological findings after pathologic examination of the samples were compatible with intraoperative findings of the appendix samples. The Initial stages of an inflammatory process in appendix wall without suppuration were reported in early and catarrhal appendicitis. Histologic findings in the supportive forms were transmural inflammatory cell infiltrate, mucosal ulceration, and luminal purulent material. In all trimesters, from a total of 35 patients with preoperative sonographic diagnosis of acute appendicitis, diagnosis was confirmed intraoperatively in only 32 cases. On the other hand, from a total of 17 patients without preoperative sonographic diagnosis, acute appendicitis was detected in 8 patients during the surgical operation.
Postoperational obstetric features
Uterine contractions were present in 11 patients, and miscarriage occurred in 2 (3.8%) patients, who were in their second trimester. There were 3 (5.7%) appendectomy induced deliveries in the third trimester, one concluded a preterm baby, and 2 underwent simultaneous Cesarean section. Other patients responded to drug therapy. There was no maternal mortality.
Discussion
In the present study, 58 pregnant patients diagnosed and treated as acute appendicitis during the 3 trimesters of pregnancy were evaluated. To assess the accuracy of sonography in this group of patients, sonographic evaluation was done in all the patients and compared with postoperative findings. Moreover, preoperative clinical examination and intraoperative findings were also recorded in all the patients.
Clinical evaluations are usually the first suggestive clues of acute appendicitis. Typical symptoms of acute appendicitis in nonpregnant patients include diffuse abdominal pain, anorexia, nausea, vomiting, and migration of pain to the right lower quadrant. However, such a classic history might not present in pregnancy. The most common pain location has been found to be in RLQ, but notably every patient in her third trimester had the right flank pain, which was congruent with the relocation of appendix during pregnancy. Meanwhile, laboratory findings were not reported to be helpful in the diagnosis (11, 12) . Leukocyte count in pregnancy may range from 6000 to 16 000 cells/mL and it is still considered a physiological change even with left shift, and thus cannot be relied on as an indicator of appendicitis. During labor, the count may rise as high as 20 000 to 30 000 cells/mL, but leukocytosis is not detected in all pregnant patients with appendicitis (13). Higher frequency of abnormal urine analysis in women in their third trimester might be attributed to an ongoing appendix inflammatory process in proximity to the right ureter because of the relocation of the appendix. In the study performed by Tudidor et al. (14) on 500 patients undergoing surgery for acute appendicitis, pyuria (>10 cells per high-power field) was detected in 1/7, and more than 3 red blood cells per high-power field were found in 1/6 of urinary sediments.
The lack of reliability of clinical clues used in nonpregnant patients makes the diagnosis of acute appendicitis even more difficult. Some other signs of appendicitis such as positive Rovsing's and Psoas sign are not important in diagnosing acute appendicitis during pregnancy (11). Anderson et al. (15) evaluated the clinical records of 56 pregnant women undergoing appendectomies and concluded that abdominal pain, nausea, vomiting, leukocyte count, C-reactive protein, and body temperature were not helpful in establishing a correct diagnosis. The mean body temperature in patients with appendicitis was 37.6 degrees C (range: 35.5-39.4) compared with 37.8 degrees C (range: 36.7-38.9) in those with normal histological findings (not significant).
Due to the lack of specificity, preoperative diagnosis, when imaging studies are not used, has been reported to be correct in 1/3 to 3/4 of the cases; accordingly, there is an unacceptable rate of false negative appendectomies (11, 16, 17) , which even increases in second and third trimesters. The need to decrease false negative operations and surgical related mortality and morbidity should be balanced with the need for prompt intervention to avoid appendix perforation. Delay in diagnosis increases other problems such as perforation and its resultant complications. Perforation of appendicitis during pregnancy has been reported in 25% to 40% of patients (1), compared with 4% to 19% reported in the general population (11, 18) . Peritonitis is more severe during pregnancy because omentum fails to wall off the appendix in the expanding abdomen due to its limited ability for migration (19) . Surgical morbidity and mortality increase sharply when the appendix perforates. Mortality increases from 0.0002% to 3%, and morbidity increases from 3% to 47% (3). Mortality rates have dramatically declined considering the report of Babler in 1908 for the maternal mortality of 24% and the fetal mortality of 40% (20) . Mortality during appendicitis is due to delay in diagnosis and operation. The risk of fetal loss, resulting from an acute appendicitis during pregnancy is 1.5% to 10% if the appendix does not rupture, and it is as high as 36% if it does (21) . A maternal mortality of 0% to 2% has been reported (11, 22) . Ultrasonography has always been the most preferred initial imaging modality in the assessment of abdominal pain during pregnancy due to lack of ionizing radiation, no need for patient preparation or contrast medium, being rapid, noninvasive, inexpensive, dynamic information through graded compression, and wide availability. However, it is operator-dependent and can be difficult to interpret in cases of obesity, bowel gas, a retrocecal appendix, and severe abdominal pain. Moreover, it may be of particularly limited value in the third trimester because the gravid uterus changes the position of the appendix and prevents the graded compression technique. Being operator-dependent, diagnostic performance results show a surprisingly high variation between centers and even within a single center. A systematic review based on 14 studies reported that ultrasonography had an overall sensitivity of 0.86, a specificity of 0.81, a positive likelihood ratio of 5.8, and a negative likelihood ratio of 0.19 to detect acute appendicitis in nonpregnant adults and adolescents (23) . In another study on 35 pregnant patients (9), ultrasonography had a sensitivity of 46.1% and a specificity of 95.4% to diagnosis appendicitis. Some studies reported ultrasonography to be nondiagnostic in 70% of the patients during pregnancy (16) . Similar to our research, in a recent study on 52 pregnant patients undergoing surgery, Yilmaz et al. (17) reported a sensitivity of 48% and specificity of 100%, with an accuracy (total correct diagnosis) of 50% for ultrasonography. In our study, sensitivity, specificity, positive and negative likelihood ratio of sonography were 80%, 75%, 3.2, and 0.26, respectively. The high specificity, but relatively low sensitivity of this study compared with our study showed lower false negative results, but higher false positive results of ultrasonography in our study. This may be due to the fact that the population studied was highly suspected for appendicitis, clinically leading them to surgical intervention in our center. The high number of false negative appendectomies may lead to increased surgical associated mortality and morbidity. To decrease these risks, it is recommended to use another imaging modality such as CT scan or MRI in patients suspected of having appendicitis after normal or inconclusive ultrasonography results (9, 16) .
Several studies have shown that CT scan is more accurate in the diagnosis of acute appendicitis during pregnancy (16, 24, 25) . Mahesh et al. (9) evaluated the records of 39 pregnant patients suspected of having acute appendicitis referred for imaging and found a sensitivity of 100% for CT in the diagnosis of appendicitis compared with a sensitivity of 46.1% for ultrasound. In another study, Wallace et al. (26) retrospectively compared the value of ultrasonography and ultrasonography, followed by CT scan in pregnant patients suspected of having acute appendicitis, who underwent appendectomies. The false negative rate of appendectomy was 36% (20/55) in exclusive ultrasound group and 8% (1/13) in the ultrasound and CT scan group. The prominent concern for CT scanning in pregnancy is a risk of fetal harm from prenatal irradiation (27) . The excess relative risk (ERR) of developing childhood cancer is 0.037 at 1.0 mGy during pregnancy, estimating theoretically about one childhood cancer per 500 fetuses, which is twice as general control populations (2) . However, interpretation of these figures is still controversial, and the American College of Radiology still recommends to use nonionizing techniques such as ultrasonography and MRI as the first choice in the evaluation of pregnant women (2, 28) .
MRI is a relatively new technology recently used in the diagnosis of acute appendicitis, with its accuracy reported to be as comparable to CT scan and can be an alternative for pregnant patients (9, 29, 30) . Pedrosa et al. (30) retrospectively assessed the diagnostic importance of MRI in pregnant patients suspected of having acute appendicitis and found a sensitivity and specificity of 100% and 93.6%, respectively. In a meta-analysis on 229 cases, the sensitivity, specificity, positive and negative predictive values of MRI for diagnosing antenatal appendicitis were 95.0%, 99.9%, 90.4%, and 99.5%, respectively (31) . There are some concerns about the potential harm to fetus due to the effects of magnetic fields and the tissue heating from radiofrequency pulses or acoustic stimulation, however, there are no reported harmful effects (32, 33) .
Conclusion
Although sonography is a helpful imaging modality with no ionizing radiation, considering the sensitivity and specificity of this test during pregnancy, other imaging modalities might be needed in suspected patients.
